with the Vshaped diphosphonate ligand (2,4,6-trimethyl-1,3-phenylene)bis-(methylene)diphosphonic acid (H 4 L) were synthesized via hydrothermal reactions in the presence of auxiliary ligand 4,4Ј-bipyridine. Their structures were determined by single-crystal X-ray diffraction and fur-
Introduction
Due to the versatile fascinating structures as well as the potential applications in many fields such as gas storage, [1] separation, [2] catalysis, [3] molecule recognition, [4] fluorescence, [5] and magnetism, [6] the design and synthesis of novel metal-organic frameworks (MOFs) or coordination polymers have been one of the active fields in materials chemistry. It is well-known that MOFs are organic-inorganic hybrid materials constructed from the assembly of the organic ligands (such as carboxylate and phosphonate ligands) with metal or metal clusters, in which the ligands act as linkers and metal/metal clusters act as nodes. [7] Compared to the conventionally used carboxylate and pyridine based ligands, phosphonate ligands were less frequently reported in the construction of coordination polymers. This is mainly because that they form stronger bonds with metal atoms than carboxylate ligands which results in lower solubility and accordingly lead to the difficulty in forming single crystals for structural determination. [8] In addition, phosphonic acid group contains three oxygen atoms capable of bonding to metals, so it is difficult to predict the coordination mode and deprotonation state of the ligand. [9] But these characteristics make many phosphonate ligands based coordination polymers exhibit impressive properties, such as the unusual topology, [10] and ultra high thermal stability [11] which are the main drawbacks of many carboxylate based coordination polymers. By using linear aliphatic diphosphonate ligands and co-ther characterized by elemental analysis, infrared spectroscopy (IR), and thermogravimetric analysis (TGA). Compound 1 crystallizes in the Pnma space group and compound 2 crystallizes in the P2 1 [MO 6 ] octahedral forming inorganic layer and the further linking of these layers by phenyl groups of the diphosphonate ligands resulting in a pillared layered structure. [13] Besides, some coordination polymers based on other linear aliphatic or aromatic diphosphonic acid ligands with different sizes and configurations were synthesized. [14] However, the V-shaped phosphonate ligands, which were constructed by the substitution on the meta-position of the phenyl ring forming an angle of about 120°between two phosphonate groups, have been seldom used before. Previous studies [15] show that the V-shaped ligands are apt to afford the zeolite like structures, such as imidazole based ligands, [16] isophthalate substituted ligands, [17] etc. In additional, for metal carboxylates, studies have also shown that the resulting molecular architecture could be tailored by altering the bridging angle and the size of the linker. [18] In the context of this, we designed and synthesized a V-shaped ligand, H 4 L (2,4,6-trimethyl-1,3-phenylene)bis(methylene) diphosphonic acid), and obtained two
, by using this ligand and transition metal salts. The structures were determined from single-crystal X-ray analysis. In addition, we further studied the infrared spectroscopic and thermogravimetric properties of these two novel coordination polymers.
Results and Discussion

Description of the Structures
The following structures discussion is based on CIF files of complexes 1 and 2, and the final formulas of the two com-plexes are further determined by elemental analyses, infrared spectra, and thermogravimetric studies.
Structure of Compound 1
The X-ray crystallographic analysis indicates that compound 1 crystallizes in the Pnma space group and the structure shows a square-grid 2D layered network. The asymmetric unit includes one Cu II ion, one partly deprotonated H 2 L 2-ligand, one 4,4Ј-bipyridine, two coordinated water molecules, and one guest water molecule ( Figure S1 , Supporting Information). The coordination arrangement around the copper atom is between trigonal-bipyramidal and square-pyramidal structure (τ = 0.425). [3a,19] The axial positions are occupied by two nitrogen atoms (N1 and N2A; A: -1/2+x, y, 3/2-z) from two different 4,4Ј-bipyridine molecules and there are three oxygen atoms (O3, O3B, O1W; B: x, 1/2-y, z) of two phosphonate groups from two different H 2 L 2-ligands and one aqua ligand in the equatorial positions. The bond lengths of Cu-O (phosphonate), Cu-O (water), and Cu-N are 1.940 Å, 2.174 Å and 2.022 Å, respectively. The torsion angles of O3-Cu1-O3B in the equatorial plane and N1-Cu1-N2A in the axial plane are 176.0(3)°a nd 150.5(3)°, respectively (see Table S1 , Supporting Information). All of these are comparable to those reported for the bond lengths of Cu-O, Cu-N, and the torsion angles of O-Cu-O and N-Cu-N by Muppidi et al. [20] Both phosphonate groups of the H 2 L 2-ligand are singly protonated based on the requirement of charge balance and P-O bond lengths, and each diphosphonate ligand bridges two Cu II ions. Each adjacent two CuO 3 N 2 polyhedra are bridged by phosphonate groups of H 2 L 2-and generated an infinite line-chain along the b axis through Cu-O bonds. A two-dimensional square-grid layer (Figure 1a ) is constructed by interconnecting the neighboring chains through 4,4Ј-bipyridine with Cu-N bonds. Figure 1b shows the separation of the layers as viewed down the a axis.
Structure of Compound 2
Compound 2 exhibits a bilayered network structure ( Figure 2b ). As shown in Figure S2 (Supporting Information), each asymmetric unit contains two pseudo-octahedral nickel cations, two partly deprotonated H 2 L 2-ligands (one is coordinated to the nickel ion Ni2 and the other is dispersed in the unit), two and half 4,4Ј-bipyridine molecules, six coordinated, and seven guest water molecules. The first nickel cation, Ni1, is coordinated by three oxygen atoms from three water molecules and three nitrogen atoms from three 4,4Ј-bipyridine to give a mer-octahedral arrangement with coordination angles in the range of 83.9(3)-175.9(4)°. The Ni2 ion is coordinated by four oxygen atoms (O4W, O5W, O6W, O1) and two nitrogen atoms (N3, N4) to attain a trans-octahedral arrangement. O4W, O5W, and O6W come from three water molecules, and O1 belongs to phosphonate group of diphosphonate ligand. N3 and N4 come from two 4,4Ј-bipyridine. [21] and Figure 2c shows the simplified supramolecular structure with NiO 3 N 3 and NiO 4 N 2 motifs. There are some dispersed H 2 L 2-ligands between each two neighboring bilayers and Figure 2d displays the whole structure excepting guest water molecules. Probably due to the existing of dispersed H 2 L 2-, these bilayers do not form interdigitating structure but simple parallel packing. [22] 
PXRD and Thermogravimetric Analyses
The powder X-ray diffraction (PXRD) patterns of the two compounds are shown in Figure 3 . Both of the two PXRD curves are consistent with the corresponding simulated patterns from the single-crystal structure data. It demonstrates that the as-synthesized samples are of high purity. To disclose the stabilities of compounds 1 and 2, thermogravimetric analyses (TGA) were performed from room temperature to 800°C (Figure 4) . For compound 1, there are three weight loss steps. The first weight loss began at 60°C and was completed at 160°C. The observed weight loss of 9.2 % corresponds to the removal of one lattice water and two coordi-www.zaac.wiley-vch.de 1847 nation water molecules (calculated: 9.3 %). The other two steps indicate the successive decomposition of the two-dimension square-grid layer supermolecular structure, and at the end of the measurement (800°C) the total weight loss is approximately 52.4 %. From the curve of compound 2, a steep weight loss in the temperature range from 40 to 145°C corresponds to the removal of seven lattice water molecules and six coordination water molecules (calculated: 17.31 %; observed: 17.51 %). Finally the total weight loss was about 54.64 % at 800°C. 
Conclusions
In the presence of auxiliary 4,4Ј-bipyridine, two supramolecular coordination networks were constructed from selfassembly of flexible V-shaped diphosphonate ligand: (2,4,6-trimethyl-1,3-phenylene)bis(methylene) diphosphonic acid (H 4 L) with two central transition metal atoms Cu II and Ni II . The difference of these two structures could be ascribe to the different coordination mode of the central metal atoms or the ratios of metal, ligand, and second ligand 4,4Ј-bipyridine. The structures and properties were confirmed by single-crystal Xray diffraction, elemental analysis, infrared spectroscopy, powder X-ray diffraction, and thermogravimetric analysis. Other properties such as magnetism will be further studied.
Experimental Section
Synthesis:1,3-Bis(bromomethyl)-2,4,6-trimethylbenzene was synthesized by the procedure of Vander Made et al. [23] All other chemicals were obtained from commercial sources and used without further purification. Single Crystal Structure Determination: Single crystals X-ray diffraction measurements of compounds 1 and 2 were carried out with a 
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Bruker SMART APEXII CCD diffractometer with graphite monochromatic Mo-K α radiation (λ = 0.71073 Å) at room temperature. The SMART software was used for data acquisition and data integration was undertaken with SAINT program.
[24] Multi-scan empirical absorption corrections were applied to process the data using the SADABS program. [25] Crystal structures were solved by direct methods using SHELXS. [26] Subsequent difference Fourier analyses and least-squares refinement with SHELXL-97 program package [27] allowed the location of the atom positions. All non-hydrogen atoms were refined anisotropically and the organic hydrogen atoms were positioned geometrically. Most of the hydrogen atoms were located from the difference Fourier maps and refined isotropically. While other hydrogen atoms are added into a fixed geometry. Hydrogen atoms of guest water molecules in compound 2 were not included in the refinements. The protonation of the phosphonate groups are based on the requirement of charge balance and P-O bond lengths. Crystallographic details for compounds 1 and 2 are summarized in Table 1 . Selected bond lengths and bond angles are listed in Table S1 .
Crystallographic data (excluding structure factors) for the structures in this paper have been deposited with the Cambridge Crystallographic Data Centre, CCDC, 12 Union Road, Cambridge CB21EZ, UK. Copies of the data can be obtained free of charge on quoting the depository numbers CCDC-902266 and CCDC-902268. (Fax: +44-1223-336-033; E-Mail: deposit@ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk).
Physical Properties: Elemental analyses for C, H, and N were carried out with a German Elementary Vario EL cube instrument. IR spectra were performed with a Nicolet 6700 FTIR spectrometer in the region 4000-400 cm -1 using KBr pellets. Thermogravimetric analyses were recorded with a NETZSCH STA 449F3 unit at a heating rate of 10°C min -1 in a nitrogen atmosphere. Solution 1 H NMR spectra were recorded with a Bruker AVANCE-III NMR (600 MHz). Power X-ray diffraction (XRD) patterns were collected with a D8 Advance X-ray diffractometer using Cu-K α radiation (λ = 0.154 nm).
Supporting Information (see footnote on the first page of this article): Coordination environment of the Ni II and Cu II ions in compounds 1 and 2, IR spectra, selected bond lengths and angles.
